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PHYSIOLOGY OF SKIN 
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The Institute of Dermatology, St. John's Hospital for Diseases of Skin, London, England 
One of Montagna 's greatest contributions to study of the biology of the skin has been his 
demolition of the artificial walls that traditionally separated the histologist from the 
physiologist. He has shown that only by relating function with structure can we shed light on 
the workings of the skin. He has stressed the fallacy of studying a single structural or 
functional unit in isolation from others. The skin represents an organization of many 
different functional units, and physiology of skin is the study of this organization. My 
purpose is to make a personal commentary on the achievements, failures, and prospects of 
understanding some aspects of the organization of the functional units. 
Twenty-five years ago, the importance of relating skin to internal organs and systems re-
ceived much attention. We have long been aware that skin sometimes reacts to internal dis-
ease, but only recently has the impact of skin disorders on the circulatory, renal, and gastro-
intestinal systems been recognized. As a result, our patients are now less likely to suffer 
from neglect of the whole which follows narrow over-specialized attention to the part. In-
creased interest in endocrine effects on the skin has revealed that several important physio-
logic activities of the skin are either partly or wholly regulated by hormones secreted by en-
docrine glands. Nevertheless, some physiologic activities in skin seem to be independent, 
their regulation being carried out by local mediating hormones. Other activities involve both 
central and local regulation. The nature and roles of these two control mechanisms and their 
interrelation constitute by far the most promising physiologic research in skin. 
The old theory that physiologic or pathologic 
events in a tissue are the result of activating local 
mediators was originally applied by Thomas Lewis 
in London and Valy Menkin at Harvard to pain, 
vasodilation, and increased vascular permeability. 
It has since been extended and is being applied to a 
much wider range of physiologic processes in the 
skin. Attempts are also being made to express the 
response of the skin cell to these mediators in 
precise biochemical terms. A good example is the 
recent research on the control of epidermal growth 
and differentiation. Although some inconsistencies 
remain, the work of Voorhees et al [1] and Adachi 
et al [2] has drawn attention to the importance of 
the adenyl cyclase-cyclic AMP and the opposing 
guanyl cyclase-cyclic GMP mechanisms in regu-
lating epidermal growth at a cellular level. This im-
plies that the two enzyme systems respond to 
mediators which control their second-messenger 
activities. Since adenyl cyclase of most cell types 
possess several drug-specific receptors, identify-
ing which mediators control the activity of the en-
zymes is an intriguing problem. 
Candidates have included the elusive epidermal 
chalone of Bullough and Laurence [3], adrenalin 
which stimulates adenyl cyclase, acetyl choline 
which stimulates guanyl cyclase, and the epider-
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mal growth factor of Cohen [4]. Emphasis is now 
shifting towards the skin prostaglandin system and 
there is mounting evidence that the E and F 
prostaglandins may have opposing regulatory ac-
tions on epidermal cell growth. Promising reports 
by Penneys and his colleagues [5], working with 
the disordered epidermis of psoriasis, raise the 
possibility that the prostaglandin synthesizing en-
zyme system in the skin maintains the orderly or-
ganization of normal epidermis through the prosta-
glandin receptors of epidermal adenyl cyclase. 
Control of epidermopoiesis may be due to the 
interaction of several local mediators, and much 
future work will be devoted to determining how 
these mediators are related and how they control 
epidermal cell growth. The role of the pituitary, 
thyroid, and adrenal glands in modulating epider-
mal cell growth is not yet known. Since circulating 
hormones affect most other structures and activi-
ties of the skin, the epidermis will doubtless receive 
attention in the future. 
The term mediator is usually associated with the 
regulation of blood flow and vascular permeability 
and the production of pain and itch. Lewis pro-
duced convincing indirect evidence of the action of 
histamine in whealing reactions and in the axon 
reflex flare. Since then, progress in understanding 
how the blood vessels of the skin are controlled 
has been disappointingly slow. A skin-perfusion 
technique has been used to demonstrate that func-
tional vasodilation associated with heat-stimulated 
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eccrine sweating is related to local kinin formation. 
A similar technique has also been used by Chap-
man et al [6] to identify kinin-like activity at the 
site of the axon reflex flare. Functional vasodila-
tion of subcutaneous adipose tissue by lipolytic 
hormonal stimuli is associated with increased local 
prostaglandin biosynthesis [7]. Valuable informa-
tion on the control of normal blood vessels by 
mediators has been obtained from pharmacologic 
studies on the response of skin to injury. Most are 
agreed that histamine release occurs immediately 
after injury, but subsequent events are less clear. 
That kinin and prostaglandin activity both occur 
as a later response to injury is not disputed, but 
their role as mediators of the corresponding vascu-
lar events can be argued. Prostaglandins E and F, 
both found in injured skin, have opposing actions 
on skin blood vessels, the latter antagonizing the 
vasodilator actions of prostaglandin E. The ac-
tions of the E prostaglandins in inflammation may 
be complex. On the one hand, prostaglandins E 1 
and E2 potentiate the vascular responses of skin 
to bradykinin and histamine [8] and, on the other 
hand, they may inhibit histamine release through 
a negative feedback mechanism on mast cell 
adenyl cyclase [9]. The identity of local mediators 
that affect skin vasculature is now becoming more 
clear, but the key to understanding how the blood 
vessels of the skin are pharmacologically con-
trolled lies in detailed studies of the interaction 
between these mediators. 
The slow progress so far has been due in part to 
the difficulty of measuring blood flow in skin. The 
inadequacy of existing methods can be judged from 
the long list of alternative methods which include 
isotope clearance, volume plethysmography, skin 
temperature measurement, and other thermal 
methods. The isotope clearance method, first used 
by Kety [10] consists of the intrad,ermal injection 
of radioactive sodium, on the principle that the 
rate of clearance of sodium is proportional to 
capillary blood flow. The depth of the injection is 
very difficult to standardize, and the trauma of 
injection itself alters skin blood flow. The use of 
isotope gases (xenon, technetium) [11] overcomes 
these obstacles but introduces the new problem of 
the high lipid solubility of these gases. Volume 
plethysmography [12] can be used only on a whole 
limb or finger, but it does measure flow in absolute 
units. Volume changes are due to the variation in 
total flow (skin and deeper tissues); despite the use 
of skin vasoconstrictor agents, it has not been 
possible to separate the two compartments. In the 
finger, almost all of the flow takes place in the skin 
;;0 that volume plethysmography is a useful mea-
:lure of skin blood flow in the finger. The blood 
volume of skin can also be measured by photoelec-
tric plethysmography [13] which depends on the 
fact that the absorption of light transmitted 
through the skin and measured by a photodetector 
lS proportional to the amount of blood in the skin. 
However, technical problems with this method still 
have to be solved, including the effect of ambient 
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temperature and oxygen saturation of blood on 
photodetection. Thermocouples and thermistors 
measure skin temperature satisfactorily [14], but 
skin temperature itself is a misleading measure of 
skin blood flow because it can be high despite 
capillary stasis if rapid flow occurs through A-V 
shunts. Since electrical impedance of skin depends 
partly on the blood volume in it, "impedance 
plethysmogra phy" [15] has been used to study skin 
blood flow, but it is difficult to interpret the results 
because impedance also depends on sweating, 
transepidermal water loss, and the degree of hydra-
tion of the stratum corneum. The organization of 
skin blood vasculature with its several functionally 
distinct compartments is complex, and there are 
marked anatomical differences between regions. 
No single method by itself is likely to yield reliable 
results, and the success of future physiologic stud-
ies will depend on establishing which combination 
of methods gives valid information about the type 
of response being studied. 
The ability to monitor accurately changes in 
skin blood flow is also necessary for characterizing 
blood vessel receptors in skin; there has been some 
progress in this field. As long ago as 1948, Ahlquist 
[16] demonstrated the existence of two subclasses 
of adrenergic receptors called a and {3 receptors. In 
general, a adrenergic receptors mediate vasocon-
striction and {3 receptors vasodilation. Skin blood 
vessels possess a receptors but whether they also 
have {3 receptors has not been satisfactorily demon-
strated. The possibility of two types of histamine 
receptors in skin blood vessels is potentially of 
great clinical importance. Black and his colleagues 
[17] have recently demonstrated in several tissues 
a new class of histamine receptors (H 2 receptors) 
which cannot be blocked by conventional antihis-
tamines. For example, gastric acid secretion, heart 
rate increase, and inhibition of uterine contraction 
are histamine responses which cannot be blocked 
by conventional (H 1) antagonists like pyrilamine. 
Receptor experiments on isolated arterial seg-
ments from human and rabbit temporal and ear 
arteries suggest the possibility that drug treat-
ment of human inflammatory skin disorders, in-
cluding urticaria, might be a good deal more effec-
tive if a combination of HI and H2 histamine antag-
onists were used. This possibility receives addi-
tional support from observations by Black that 
histamine erythema in man is more completely 
blocked by combined H2 and HI antagonists than 
by HI antagonists alone. 
The physiology of the lymph circulation in skin 
has been neglected. Defective lymph flow may be a 
significant factor in a wide range of skin diseases, 
but its role cannot be assessed until more is known 
of its normal behavior and regulation. Peripheral 
as well as central lymphatics are now known to be 
actively contractile structures, possessing adrener-
gic and other receptors [18]. Studies on human 
lymphatics sl)ould be done both in vivo and in vitro 
in order to reveal the factors regulating lymph flow 
in skin. 
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Interactions between different mediators are 
important in the physiology of itching and pain. If 
introduced into the epidermis, histamine causes 
itching, but in the dermis it produces pain. Media-
tors can also cause itching by an indirect action. 
Prostaglandin El potentiates the itching and pain-
producing actions of histamine in human skin but 
does not by itself cause pain or itching [19]. Apart 
from these data, progress in understanding the 
physiology of itching has been remarkably slow, 
little having been achieved since Shelley and 
Arthur [20] demonstrated that the itch receptor is 
localized in the nerve plexus at the dermoepider-
mal junction. Work on the anatomical relation be-
tween free nerve endings and individual epidermal 
cells with electron microscopy and electron micro-
scopic histochemistry badly needs to be done. Do 
free nerve endings and adjacent epidermal cells 
represent a functional sensory unit? 
Although pain and itch are closely related sensa-
tions, their precise relation is disputed. It has been 
proposed that both are transmitted along the same 
slow-conducting C neurons, but satisfactory evi-
dence for this hypothesis is lacking. Methods that 
use tungsten microelectrodes to study single unit 
activity in sensory C fibers [21] are now available 
and should help solve this difficulty. The relay for 
pain and itch is probably located in the posterior 
horn of the grey matter of the cord. Whether the 
Gate Control theory of pain at this relay will prove 
applicable to itch remains to be seen. In the sim-
plest situation, pain and itch are both transmitted 
in the lateral spinothalamic tracts to the hypothal-
amus. Here there is a second relay, but what hap-
pens to the tertiary neurone is not known. There is 
no convincing evidence that an itch or pain stimu-
lus causes a specific detectable cortical response, 
but the cortex clearly plays an important role in 
itch appreciation. Some patients with lesions of 
the postcentral gyrus have hemianalgesia which 
lends support to the existence of a tertiary neurone 
connecting the thalamus with the cortex. 
The significance of central itch is uncertain . In 
laboratory animals, intrathecal injection of cholin-
ergic drugs causes central itching. Acetyl choline is 
released from the injured tissues, and therefore, 
some of the itching in extensive inflammatory skin 
disease could be central in origin. 
We need to develop satisfactory methods for 
assaying antipruritic drugs in man. Animal models 
are not helpful because sensations other than itch 
make an animal scratch. Most attention has been 
given to two types 'of indirect methods of measur-
ing itching: In the subjective type, the quantifica-
tion of the itch depends on the appreciation and 
communication of the itch sensation. This has the 
advantage that the quality, duration, and continu-
ity of itching can also be recorded by a good 
witness, but it has the disadvantage that it finally 
depends on the vagaries of subjective assessment. 
In the objective, or "scratch" method, the fre-
quency and intensity of scratching are measured. 
Recent methods have included measuring the 
voluntary muscle potentials and recording the 
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movement of limbs [22]. These methods may be 
misleading in cases of motor impairment, which, 
for example, may be due to a side effect of an 
antipruritic drug, but they can nevertheless give 
useful information. Biochemical responses to itch-
ing are also worth exploring. Pain causes measura-
ble alteration of plasma lipid and catecholamine 
levels; a similar effect might occur with itching. 
Direct methods are clearly needed. Possible ap-
proaches include measuring action potential in 
individual C fibers [21]. No doubt these methods 
will receive attention in the future. 
Mainly through the work of Shuster and Marks 
[23], we are now familiar with the theory that skin 
disorders can derange the physiology of internal 
organs and systems. Recognized examples include 
the development of a hyperdynamic circulatory 
state in patients with erythroderma, in which an 
increased proportion of the cardiac output is di-
verted through the inflamed skin. In elderly pa-
tients and patients with preexisting chronic heart 
disease, heart failure may ensue. Gross edema in 
the absence of heart failure may also occur and may 
be associated with circulatory collapse which is 
due to increased capillary permeability; this, in 
turn, leads to a shift of fluid from the intravascular 
to the extravascular compartment. Hypothermia 
may also occur in erythroderma from excessive 
heat loss and failure to regulate the body tempera-
ture even though the inflamed skin still feels warm. 
Systemic iron and zinc deficiencies may be due to 
the loss of these agents in scales as well as to 
metabolic disturbances. The importance of being 
aware of these secondary derangements of normal 
body physiology has led to improved treatment of 
patients with extensive skin disease. 
It is becoming increasingly clear that, in addi-
tion to the well-known responses of skin to pitui-
tary, thyroid, and adrenal hormones, the skin itself 
has a major endocrine role since it forms hormones 
which may have systemic effects on distant targets 
as well as the more obvious local effects at the site 
of release. Of particular significance has been the 
finding, first made by W otiz [24] and afterwards 
confirmed by many others, that human skin ex-
tracts are capable of metabolizing testosterone, the 
major metabolites including ~4-androstenedione 
and 5a-dihydrotesterone. The latter steroid pos-
sesses more than twice the androgenic potency of 
testosterone in several assay systems. Skin can also 
convert the apparently biologically inert dehydro-
epiandrosterone into testosterone, and there is 
evidence of progesterone, estrogen, and glucocorti-
coid metabolism by skin. These observations, 
which shed light on the control of hair growth and 
sebum excretion, have prompted much work on the 
biochemical mechanisms of steroid metabolism at 
a cellular level in skin. Since the precise contribu-
tions of the steroid output of skin to the systemic 
pool of biologically active steroid hormone, which 
could well be a major one, are not yet known, physi-
ologic experiments are urgently needed to shed 
light on this matter. 
The physiology of sex clearly receives an impor-
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tant contribution from skin. In addition to its 
major endocrine role, the skin closely mirrors 
sexual function and plays a positive role as an 
organ of seduction. There is evidence in several 
species of pigmentary changes associated with 
ovulation and of light exposure mediated by pineal 
melatonin though no pigmentary action of isolated 
melatonin has been demonstrated in man yet. The 
development of skin odor at puberty may be 
physiologically important; overall, the problem of 
skin odor has received surprisingly little attention. 
This odor results primarily from the action of skin 
bacteria on keratin and apocrine sweat. Although 
odorless to man, the odor of eccrine sweat may be 
an important attractant of mosquitoes and other 
skin-biting insects. Human sebum is also appar-
ently free of detectable odor, but evidence of 
pheromone release from animal sebum and its 
importance in sexual attractiveness raises the 
intriguing possibility of pheromone activity in 
human sebum. It is predictable that the odor of the 
skin will attract skin physiologists in the future. 
To summarize, progress in understanding skin 
physiology is slow and uneven. The mediator 
concept is now receiving increasingly wide applica-
tion to physiologic functions of skin and will lead to 
much work in the future on the biochemical 
mechanisms activated at a cellular level by the 
combination of mediators and their receptors. In 
particular, the nature of the individual pharma-
cologic agents which control skin vasculature is be-
coming better known, but how these mediators 
interact needs to be studied. Satisfactory methods 
of measuring such responses in man as changes of 
blood flow and intensity of itching badly need to be 
developed before much more progress can be 
made. Characterization of pharmacologic receptors 
in the skin, though still at an early stage, is now 
being studied and should lead to new developments 
in drug treatment. The physiology of itch is almost 
as obscure as it was 25 years ago, although more 
is being learned about the pharmacology of itch. 
Newer neurophysiologic techniques should lead to 
rapid advances in itch physiology and may also re-
sult in badly needed assay methods. Evidence is 
increasing that endocrinologically the skin is more 
than a passive target for hormonal missiles since it 
possesses all the attributes of a major endocrine 
gland and may make a big contribution to the 
steroid pool of the body. The striking lack of 
interest in some large areas of physiologic re-
search-the role of skin as a sex organ, the odor of 
~; kin, the lymphatic function in skin-can be only 
partly explained by technical difficulties. 
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